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© Bimetallic metallocene alumoxane catalyst system and Its use In the preparation of ethylene 
copolymers. 

© A catalyst system comprising certain bimetallic metallocenes and an alumoxane is provided I together with a 
process lor the preparation of high molecular weight etrrylene-aipha olefin elastomers and ethytene-aJpha^efin 
nonconjugated diolefin elastomers wherein the requisite monomers are polymerized in the presence of the 
bimetallic metallocene/alumoxane catalyst system. 
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FIELD OF INVENTION 

This invention relates to a catalyst system comprising a group IV B transition metal Wf? "J" 
alumoxane that is highly active in the polymerization ol olefins, and to a process using such , ac^fyst 
sy^or the production of polyolefins. in particular for the production of el^omenc etoylene-alpha-olef.n 
copolymers and terpolymers of ethylene, an alpha-otefin and a nonconiugated d.olefin. 

BACKGROUND OF THE INVENTION 

Various processes and catalysts exist tor the copolymerization of alpha-olefins. For examP^. ^ 
pJnTSo 3 113.115 (Ziegler et al) discloses that a plastomeric copolymer of ethylene andpropy ens may 
bfo^red using a catalyst system comprising diethyl aluminum chloride and titamum tetrachlonde while 
U S PateWNo 3 300.459 (Natta et al) discuses that an etastomeric copo.ymer of ethylene and propylene 
wMft horn 20 to" about 70 weight percent ethylene can be prepared using a catalyst system 
SSg Sxy. aluminum and vanadium oxychbride. From .his technotoglcan **e. , 
production of the commercially important elastomeric ethylene-propylene copolymers, "mmorty mterred 
to as EP elastomers, and the elastomeric terpolymers of ethylene, propylene and a nonconjugated d.olefin. 
generally referred to as EPDM elastomers, have been developed. 

in most current EP and EPDM production processes the catalysts used tor toe producton of the h gh 
molecular weight elastomers are soluble catalysts formed from vanadium compounds such as vanadium 
^chloride, vanadium ,riacety.acetonate. vanadium trialkoxides and ^^T^SS STTiSS 
may be used singly or as a mixture in conjunction with an organoalummum compound such as methyl 
aluminum, diethyl alummuih-ctt^^^ 
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mnum qiouiy aluminum uiwuuo i» w»i)i — ■■ - — ■ ... . _^ • 

i the recerrt advent of metallocene-alumoxane coordination catalysl systems for he production of 
po.ye.hylene ^copolymers of ethylene and alpha-olefins such as linear low density polyetoylene , »orne 
enirt has been dS to determining the suitability of particular metallocene-alumoxane catalyst systems 
for the Droduclton of EP and EPDM elastomers. . 4U M 

KamlX et a. in J. Poty. Sci. Polymer Chem Edition. Volume 23 pp 2151-64 (1985)^ *^ 
of a soluble bisfcyclopentadienyl) zirconium dimefhylalumoxano catalyst system in « he J*'*'™^™ * 
etoylene propylene and 5-ethylidene-2-norbomene in toluene solution. By employing the catalyst at low 
£Trn Stations, high'alummum to zirconium ratios and long reaction times J Kam.nskye^al have 
D een able to prepare, in low yields, high molecular weight EPDM elastomers with a h.gh level of 6- 
eZldenls-noriSe Incorporation. However, because of the long Induction times requ^ed for the 
SS Z nSTte full activity a period of the order cf hours witoout the a 
and Lgor with the nonconjugatod diolofin present, precludes too use of such a catalyst system in a 

commercial operation as such long residence times are economically infeasible. 

European patent application 347.129 (Floyd et al to Exxon) discloses that a catalysl system comptrsmg 
an alkylenTor *.any.ene or mixed a.kylene-silanylene bridged b *l subs ^ c * d ^ 
transwon metal compound and an alumoxane Is highly active In the production iof f h, a h n ^ u | a ^^ 
EPDM elastomers that have a high ethylene content, a nonconjugated ^^^l^ JZTt 
3 woight porcort and exhibit a low heat of fusion, that is have a km degree crystaJIm^. Howevoc m 
order for mis high activity to be realized, the catalysl system has to be supported and a temperature of 
50% "yed Furtherlre. the ethylene pressure used has to be higher than that typ.ca.ly used .n the 
current EP and EPDM production processes which utilize soluble vanadium compounds as catalysts j. 

U S Patent No 5,001,205 (Hoel to Exxon) discloses that an elastomeric ethylene-alpheolefln 
copolymer may be produced by a slurry polymerization process employing a highly active cate^s^m 
comprising a Lfcydopentadienyf) gmup fV B transition metal compound wherem e^ctopemadienyl 
moiety bears a. least two substituenls and the two cyclopentadienyl mceties may also ******* 
lW branched or cyclic alkylene group, an alkyl substituted sta^e group or an a»cyl <rt*totod 
silany ene group and an alumoxane. However, in order for toe high actrvrty to be obtained, ^catalyst 
JS r^ on an Inert support su* as dehydrated sil.ee gel and toen Is treat« I wUh asma« 
amount of ethylene so that an amount of polymer is formed on the cataty* matenal. ^ «a^jtom 
Zs prepared is then utilized in the preparation of a high molecular weight elastomenc ethylene-alpheolefm 

C ° PO Hretabefore the use of a catalyst system comprising a melallocene wherein there are two transition 
metal centres and an alumoxane for the copolymerization ol ethylene and an alphabet* or toe ter- 
polymertzation of ethylene, an alpha-olefln and a nonconjugated dlolefln has not been desedbed. 
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SUMMARY OF THE INVENTION 

" It is an objective of this invention to provide a cata.yst 

process lor product an — a^yten. 
alph^rC ynTus^ a cataty* system comprising a blmeta.Bc me«a« = a no an alumoxane. 
Accordingly; in one aspect the invenlion provides a cataiysl system comprsmg. 
(A) a group IV B transition metal component having the general formula 
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20 carbon atoms 



R 21 K 21 



R 2 is - - R" - M 2 ( — 

R 2X R 21 
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•i <*^h R2« whinh can be the samo or diffororrt is an aJkyl, aryl, alkylaryl or 

havino from 1 to 8 cart>on atoms, a halogen atom or hydrogen atom; 
0 to 4; and 
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FSSFSZ. ft. .nven,.on pro*des a process for producing an ethyler^alpha-olefln etestomertc 

aSTyS and an alphe-olefin monomer to a reaction vessel in amounte and under pressure 
iSSSi SI me desired efty.ene-dpha^lefin ratio in the liquid phase of the reacton vessel; 

padding to the mixture of monomers a catalyst system comprising a group IV B transition metal 
component having the general formula 




£ 1 1 «, » ortcn asm or Mo «M «' «• J*" ««*« '«"*« • *» '"''"* 4 



to 20 carbon atoms 

» R 21 R 21 

R 2 is " M 2 " R 22 - " 

21 



i 



ill R 



wherein M> is carbon or silicon; each H» which can be the same or different .a an elkyl. aryl. atglaryl 
Tr walkyl group having from l to 8 carbon atoms or can be hydrogen when M Is carbon, R* tea 
iSS^o, cyclic atkytene having from 4 to 12 carbon atoms or is a phenylene group or 2 or 
3 ohonvleno groups coupled in tho 1 and 4 positions; . 
R3 is a dialkyl substituted silanylene. a diaryl substituted silanylene. an alkyl aryl substtuted 
silanvlene a Bnear branched or cyclic alkytene having from 1 to 4 carbon atoms when R* .s present 
5?TJ£lE« silanylene. a diaryl substituted silanylene or an alky,, aryl subst-tuted 

%T7rT^^^ na.ng from 4 to 12 carbc atoms or is a phenytene group 

or 2 or 3 phenylene groups coupled to one another in the 1 and 4 positions; 

each L is independently a hydrocarbyl group having from 1 to 20 carbon atoms, an alkox.de or 

arvioxide having from 1 to 8 carbon atoms, a halogen atom or hydrogen atom. 

xVa^bTe O or 1 with the conditions that a and b cannot both be 1 at the same bme and when x 

- o V= 1 and b = 0, y and z which denote the degree ol substitution of the cyctopenWJIenyl rings 

have fte vatues from 0 to 4 and 0 to 5 respectively, when x = 1. a = 1 and b = 0, y has the value 

S Oto 3 and z has the vaiue from 0 to 4; when x =* 1 . a ■* 0 and b ■= 1 . both y and z can have 

any value from 0 to 4; and 

f, irSTtne mixture for a time sufficient to permit copo.ymenzation of said ethytene and alpha- 
olefin to an elastomerlc copolymer; and 
<iv) recovering the elastomeric copolymer. 
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^atos to a cata, y st ^T^SSl^S^^ 

sr*^^^^ by ,iquid phase po,y - 

pracS or Z process of this Invention has the following genera, formula 



to 



20 



30 




—— — can be the samew^ifferenrisan-alkylralkenylr 

wherein M is zirconium, hafnium or hten,u /^ o V^^aSns or two adjacent FT groups are joined 
aryl. alkylaryl or arylalkyf group havng from 1 to ' lhereb eiving „ crated or unsaturated 
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~ R 22 - M 2 ' — 
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S i« Bcaibon atoms, a ha!=9«, Mm « • •J**"^, a „ w am . *» « - 0. ■ 

» 1 and b = 0, y and z whcch denote the. wgree = ^ ^ va)ue from 0Xo3sm <i 

values from 0 to 4 and 0 to 5 respectrvely; when x - ^ a ? ^ ^ my va|ue frorn „ to 4 . 

2 has the value from 0 to 4; when x =l, a - 0 and b , r afcy|> a|tenyl 

The bimetallic metallocene rs preferably a bVLbsfituted as an R' group for at least one 

and ary. groups and their ^^^yf Zl Propyl buty,. isobuty.. amy., 
hydrogen atom on the vanous Vf*""™ 2T iSxopenyl phenyl, toly! and the like. A cyc.ic 

SdCSsi tetrSydrolndeny. rfng structure is a.so suitabte. 
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, . *k« KriHno pJ hatween the two cyclopentadienyl rings that are 
R22 groups suitable lor forming part of the ^ * ™ ™ ^ene. heptylene, octylene, 

cocRMd to different transition metal centres include »yto hexy^ ^ ^ 

nonyiene. decyiene. phenylene, «phenytene 1 22T!J^FP^ ^ ude Prt>Py1 ' 
decylene. phenylene and biphenylene being P^"^ Su '™ 6 "° . J yl and tne Bke and when M 2 is 
^Tfc^tWiSSi ~1 P S - • M a is -con. *e 

jS^SS- and pW ^r^KC, suable for the bridge 
When the R 2 group Is present In the metel^en e me H B ^ ^ M 

between the two cydopentadienyl rings <*°^^™J££ be ing preferred, and the cyclic 
alky.enes. methylene, ethylene propylene ^^j£2X££ suitable alkyl substituted 
alkylene cyctobutylene. The R> group may atoota > a f^£5£ J ie1hy | silanylene and the like. 
si.any.ene groups being dimethyl J^^^ 

(cyclopentadieny.) transition metal moirtes are J^gg £2 S arne transition metal centre, 

bridge R 3 between «he two cydopentadienyl nngs ^..^^ * B mettiy , e1hy , 8ila nylene. diethyl 
sui H> groups are the alky, substituted '^^^^SS!^ i* a* substituted 

S&^1»K^ S» ^ - TSSSS 

rings both coordinated to the same transit-on /^^J^S^^ii. ™» dec * ,8ne 

hexylene. heplylene. octylene. nonyiene. J^^^SKS ^Uc a.ky.enes cyctobutylene. 
being pre.erred. Groups ^ " ^^ZrZ^^^^^^ 

cycloamyleno. cyclohexylone and mo ko and thea^ Phan^on P ^ ^ ^ ^ ft 

and their substituted derivatives, phenylene and **Myta» bemg IP™ t h ^ bime1allic 

wi « be apparent thai in the practice «f tm nnjrtjn the ^^JJ J ntadienyl rings coordi- 
metallocene comport whan M ^^^^S?*. R 2 Up and the * group may 
nated to the same transition metal cemre. n snomu ^ 

not both be present in the ^ isobutyl, amy., isoamyl. hoxyl. hoptyl. 

octy^M 9 ^ 

bromine, chlorine, fluorine and iodine with ^^^^ ^ m8y consti tute a portion of me 
The examples of the various groups ^eM* dmM limiting in any 
metalloceno component are for illustrative purposes only and should not * «> ^ jb|e 

»ay. A wide variety of bimetallic «^« n " ^uSJe rSlimSng examples of the bimetallic 
combinalions o, the constituent groups^ ^^'SS^SSSSS metS moieties are linked 
KSPSTi: S5S^?SK — A- » - — formula below. 
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Examp.es of such compounds induce i*h«**1.V ^^^^Zy^ml- 
1 Zl^tetram^ . m ^^L, , 

^^dJSX7e5 SCS. ieSopm-*^ nation metal monies. These compounds 
are exompiified by the structural formula bolow. 



30 
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40 




45 K is not intended that the bridge rep-esented by R 2 between one cy^entadieny. £ 

coordinated to the same zirconium centre. _K_. rt Aarh rtf +he two bisfcvctooentadtenyO 

66 structural formula below. 
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. • , a n «i Kmitnd to n 7-disila-1,7-<Jimottiyl-hepladiyli(tenel-1 . I 1 . 

silaalkylene bridge are generally P«P«f » atone Ts then reacted with an excess of a 

chlorodimethyl silane. The ««Jh^*tajrf^^ 

cyctopentadieny. lithium ^^.^^^Z^^^^ from the dicyCopamadieny. 
become covalenlly bound to the dialaalkane. Reaction *£™ a ^ es ^ meteJ . 

substituted product with a c**"^-""? b£S£S transition motel moielies is an 
locone. However, when the bridge l.nkmg *° ^STSSpto one such approach involves reacting 

alky.ene bridge a different ■^•^Tt^LT^ ,i,hium 0Omp ° Und 

an a^rdibromoalkane such as 1,7-d.bromoheptane wrth Qroups becoming 

wh ich shou.d resutt in the «^ 

covalently bound to the alkane. As In ^ e P re ^ lranS i, ton metal trihalide to afford a 
substituted alkane may then be reaped wrth a cyclop , jnkod by an akftoM brid go. 
metalloceno wherein two ^cyctopenta^^^ win*, the two bis- 

An analogous synthetic J^„3by* iTdial^le^sIbstituted benzene (or derivative 

(cyclopentadienyl) transri»n metal ^^^^^^^^ of the tt .«-dibromoalkane. When 
thereof) utilizing a compound such as 1 -«"?J™T3 lt HS moieties Is an alkyl substituted 1.4- 
tne bridge Unking the two "■j***^^ 

disilanylenebenzene (or derivative ^f^^''^^^ by silytation with chlorodimethylsilano. 

in the aforementioned synthetic proewses^ transition metal moieties, each comprising two 

The compounds <*>•* *»J Xe^ryLTbXe Coordinated to the same transition 
cyclopentadienyl rings joined to ^*^'^3l!hiS bridges may in principle be prepared by 
metal, are linked by an alkylene bndge between ™ ™ ^ onl bridge is the alkylene 

a modification 0. the route used in the synthesis of the Zs L *l dioiefin may first be 

bridge linking the two ^^^ ^ZT^T^^ excess lithium cyclopen- 
hydrosllylated with dlch.oromethyKHane and 1 ^ n be converted to the desired 

tadienide. The b ^^^^ te.raha.ide. Similarly, when 

bimetallic metallocene by the usual method of reaction w.tn a ™* phenylene. biphenylene or 

the bridge linking the two bis(cyclopen.ad,eny tiansiton ^ m ^ '^J^ m J eties ^ compoun ds 
terphenylene bridge pined * wherein the only 

may be synthesized by a modification of the route >usee in ime »y condensation of the dlllthio 
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followed by treatment with dilute hydrochloric acid should provide the bis (dichloromethyl-silane). Subse- 
quent reaction wtth an excess of lithium cyclopentadlenlde should then provide the required bis- 
(dicyclopentadienyl methyl silane) which may be converted to the bimetallic metallocene in the usual 

^Variations on the aforementioned synthetic procedures are required in order that compounds wherein 
the two bis(cyclopentadienyi) transition metal moieties that each have a bridge between the two cyclopen- 
tadienyl rings and are also linked by a bridge between one cyclopentadienyl nng of each moiety may be 
prepared. In principle, the compound wherein the two cyclopentadienyl rings of each of the bls- 
(cyclopentadienyl) transition metal moieties are linked by an alkytene bridge and in addition there is an 
alkylene bridge between one cyclopentadienyl ring of each of the two bis(cydopentadienyl) transition metal 
moieties may be prepared in the following manner. Reaction of an a*> dibromoalkane such as 1.7- 
dibromoheptane with an excess of cyclopentadienyl lithium should result in the formation of 1 ,7-dicyc!open- 
tadienyiheptane. Subsequent reaction of the dianion derived from the aforementioned dicyclopentadienyl 
substituted compound wtth 1,2-dibromoethane should give rise to a compound wherein each cyclopen- 
tadienyl ring bears a )3-bromoethyl substituent. Treatment of this compound with an excess of cyclopen- 
tadienyllithium should give rise to a compound wherein there is a heptylene bridge between two cyclopen- 
tadienyl rings and an ethylene bridge between each of these two cyclopentadienyl rings and another 
cyclopentadienyl ring. Subsequent formation of the desired metallocene may then be achieved by reaction 
of the tetracyclopentadienyl substituted compound with a transition metal tetrahalide such as zirconium 
20 tetrachloride. 

A further variation in the aforementioned synthetic procedure rs required when the bridge between the 
two cyclopentadienyl rings in each of the two bis(cyclopentadienyl) transition metal moieties is a silanylene 
bridge Reaction of the dianion derived from 1 ,7-dicyclopontadionyl heptane with djm^^imethyl ammo) 
chlorosilane and subsequent treatment with hydrochloric acid should afford the compound wherein each 
cyclopentadienyl ring bears a dimethylchlorosilyl substituent. Treatment of this compound with slightly rn 
excess of two equivalents of cyclopentadienyl lithium should afford a compound wherein there rs a 
heptylene bridge between two cyclopentadienyl rings and a dimethyl silanylene bridge between each ol 
these two cyclopentadienyl rings and another cyclopentadienyl ring. Subsequent formation of the desired 
metallocene may then bo achieved in the usual manner by reaction with a transition metal tetrahalide. 

The alumoxane component of the catalyst system is an oligomeric aluminum compound represented by 
the general formula (R5-AI-0) n which is a cyclic compound, or R 5 (R 6 -AIO-) n AIR 7 2 which is a linear 
compound. In the general alumoxane R 5 , R 6 and R 7 are, independently a Ci to Cs alkyl group such as 
methyl, ethyl, propyl, butyl, Isobutyl or pentyl and n is an Integer from 1 to about 50. Preferably R 5 , R 6 and 
R' are each methyl and n is at least 4. 

As is well known, in tho art. aJumoxanos can bo prepared by various procedures. For example, a tnalkyl 
aluminum may be reacted with water, in the form of a moist inert organic solvent; or the trialkyl aluminum 
may be contacted with a hydrated copper sulphate suspended in an inert organic solvent, to yield an 
alumoxane. Generally, however prepared, the reaction of a trialkyl aluminum wtth a limited amount of water 
yields a mixture of both the linear and cyclic species of alumoxane. 

Suitable alumoxanes which may be utilized in the catalyst systems of this invention are those prepared 
by tho hydrolysis of one or more alkyl aluminum roagents such as trimothylaluminum, triethylaJuminum, 
triisobutylaluminum and the like. Commercially available alumoxanes which are suitable for use include the 
methyl alumoxanes supplied by the Ethyl Corporation or the Sherring Corporation and the modified methyl 
alumoxane supplied by Akzo (Texas Alkyls division), the modified methyl alumoxane being the alumoxane 

of choice. . _ . 

The catalyst system employed in the process of the present invention compnses a complex formed 
upon admixture of the bimetallic metallocene with an alumoxane. The catalyst system may be conveniently 
prepared by adding the requisite bimetallic metallocene and the alumoxane, without regard to order, to an 
alkane or an aromatic hydrocarbon solvent - preferably one which may also be used as a polymerization 
diluent. When the hydrocarbon solvent used is also suitable for use as a polymerization diluent the catalyst 
system may be prepared In situ in the polymerization reactor. The catalyst system may also be prepared 
separately, in concentrated form, and added to the polymerization diluent in the reactor. Or the components 
of the catalyst system may be prepared as separate solutions and added to the polymerization diluent in 
the reactor in appropriate ratios. Alkane and aromatic hydrocarbons suitable as solvents for formation of the 
catalyst system and also for use as a polymerization diluent include, but are not limited to. straight and 
branched chain hydrocarbons such as isobutane, butane, pentane. hexane. heptane, octane and the like, 
cyclic and alicyclic hydrocarbons such as cyclopentane, cyclohexane, cycloheptane, methylcycloperrtane, 
methylcydohexane. methylcycloheptane and the like, and alkyHsubstituted aromatic compounds such as 
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toluene, xylene and the like. Suitable solventa also include liquid olefins which may act as monomers or 
comonomers Including propylene. 1-botene, l-pemene. 1-hexene. l-octene and the like. 

The catalyst system may also be prepared and employed as a heterogeneous catalyst by adsorbing 
and complexing the requisite bimetallic melallocene and alumoxane on a catalyst support matenal such as 
silica gel alumina, silica-alumina and mixtures thereof, silica gel being the support matenal of cho.ce. The 
catalyst system prepared in this manner is generally employed in a slurry or suspens.cn polymerization 
procedure with or without additional alumoxane being present in the liquid phase. 

The amount of bimetallic metallocene and alumoxane usefully employed in the preparation of the 
calalysl system can vary over a wide range. The amount of metallocene added should be such as to 
provide an aluminum to transition metal mole ratio of from about 10:1 to about 5000:1. preferably from 

about 10:1 to about 4000:1. , 
While the catalyst system of the present invention may be employed for Ihe homopolymenzation of 

olefins such as ethylene and propylene, it is particulary suited tor the preparation of elastomeric copolymers 

comprised of ethylene and -an -alpha-olefln or a nonconjugated. diolefin and. elastomeric terpotymers 

comprised of ethylene, an alpha-olelin and one or more nonconjugated diolefins. 

The alpha-oletins suitable for use in the preparation of elastomeric copolymers and elastomenc 

terpolymers are preferably alpha-olefins having from 3 to 16 carbon atoms. Illustrative nonlimibng examples 

of such alpha-olefins are propylene. 1-butene. 1-pentene. 1-hexene. 1-octene and the kke. propylene being 

the alpha-oleBn of choice. 

The nonconjugated diolefins suitable for use in the preparation of the elastomeric copolymers and 
elastomeric terpolymers can be straight chain, branched chain or cyclic hydrocarbon diolefins having Irom 6 
to 15 carbon atoms. Illustrative nonlimiting examples are the straight chain acyclic diolefins such as 1.4- 
-hoxadione--and-t.6K»ctadione:-mo-branched_chain_ac yclic diolefins such as tau^ &una^J^ 
mothyl-I.e-octadiene and T-methyMJ-octadiene; single ring aJicyclic diolefins such as 1 ,4-cyclohexadiene 
and 1 5-cydooctadiene; and multi ring alicydic fused and bridged ring diolefins such as tetrahydroindene. 
dicyclopentadiene. 5-vinylidene-2-norbomene. 5-ethylidene-2-norbornene and 5-isopropylidene-2-norbor- 
nene; 1 ,4-hexadiene. 7-methyl-1,6-ocladiene and 5-ethylidene-2-norbomene being the nonconjugated 

dl0l The S alp C hai C |efin is genorally incorporated into both tho elastomeric copolymer and the olastomoric 
terpolymer at the level of about 25 to about 65 weigh! percent, preferably from about 30 to about 60 weight 
percent. -me nonconjugated diolefin is generally incorporated into the elastomeric copolymer at Ihe level of 
about 15 to about 35 weight percent while it is generally incorporated into the elastomenc terpolymer at the 
level of about 0.5 to about 15 weight percent, more preferably at the level of about 1 to about 10 weight 
percent ff more than one nonconjugated diolefin is incorporated into the polymer, the total amount of 
nonconjugated diolefin incorporated is within tho limits specified for tho incorporation of ono nonconjugated 

Polymerization of the aforementioned monomers using the catalyst system of the present invention may 
be carried out in either a solution or a slurry process. These processes are generally earned out at 
temperatures in the range of about -20'C to about lOO'C. preferably in the range of about 0-C to about 
80 -C and under pressures of the order of about 5 to about 700 psig. The aforedesenbed solvents that may 
bo used in tho preparation of tho catalyst system aro also suitablo for uso as polymcnzation diluonts. 

Without limiting in any way the scope of the invention, one means by which the solution polymerization 
process may be carried ouf is by first introducing the hydrocarbon solvent cyclohexane into a stirred tank 
reactor. The monomer feed comprising ethylene, the alpha-olefin propylene and the nonconjugated diolefin 
(If utilized) Is then sparged Into the liquid phase. A hydrocarbon solution of the alumoxane followed by a 
hydrocarbon solution of the bimetallic metallocene in the required ratios are then added to the liquid phase 
in the reactor. The reactor thus contains a liquid phase composed substantially of cyclohexane. together 
with dissolved elhylene and propylene gases, the nonconjugated diolefin Of utilized) and the components of 
the catalyst system, and a vapour phase composed of the vapours of all the aforementioned species. The 
rale of polymerization is controlled by the concentration of the catalyst. The reactor temperature is 
controlled by means ol cooling colls, etc. and the initial total pressure In the reactor Is maintained by a 
constant flow of ethylene and propylene gases. By maintaining a faster rate of flow of the elhylene and 
propylene gases through the reactor than the rate of polymerization, the condibons in the reactor 
approximate steady state conditions. The ethylene content of the polymer product is determined by the 
bimetallic melallocene used and by the ratio of ethylene to propylene in the reactor, which <s controlled by 
manipulating the relative feed rates of these components to the reactor. After polymerization and deactiva- 
tion of the catalyst together with coagulation of the polymer by the introduction of alcohol Into the reactor, 
the product polymer can be recovered by any suitable means. 
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to S ethylene, me a.pha-o.efin. the nonconjugated diole.in (if utilized) and the components of the 
catalyst system have been added. 



20 



in the examples which Illustrate the practice of the Invention the analytical techniques described below 
were emZ^SrihTanal sis of the resul.ing polyolenns. Molecular weight delations were made by 
S ZeatS Chromatography ,GPC, according to the ^SJ^^dS^t^ S 
measured usino a Waters 150 gel permeation chromatograph equipped wrth a different*) refractive inaex 
£Z£t«£ the Lument big calibrated with polystyrene standards having a narrow mo.ecula, ^gh 
^s^r^e system was used a. 120-C with ,.2.4-.rich.orobenzene as the mobile phase. Phenoge. 

empSrusing the Vibration equation P og(abs 11 s 7 /abs 97 ,) - 0795H-0.023] where abs m7 -s the 

"sasrssL" ssl'Ssss^ - - - - * 

^£2 £X ^~.e catafrst system were pe^d under an in*t atm osphere o, 

n ^Z°ZZne used was a modified methy. alumoxane oWained as a solution in toluene, jU^gr 

peroSaTuSm) from Akzo (Texas A.kyls division). Polymer grade ethyene anc 

opined from Matfieson Gas Products Ltd. were used after drymg wrth 3A molecular sieves. 
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Example 1 

The example describes the preparation of the bimetallic metallocene 1.1(Hl,lMisila-1.1,l0.lO- 
taframethvldMvleneVI.I' -drrbisteyclopentadienyl) zirconium dichlonde]. ,„ 

SmS^S^ <oi mL 6?mmo0 in CH^OOmL) was added by dropping tunnel over 10 
mlnuSt a mSTre of 1 7octadiene «.5 mL. 30 mmol) and bts(tet ra buty.amrr«n 1 om)hexach.o.op^ 

T£2ESi v^lToTovfde^rS Sd 1, bisirodimethy, „y.) octane H NMR (200 

mZ £^VJ£ ZEES £££ SSL added ,o . ^ - ft****, 
mmol TuJfEEfc* (20 il-) at -TB-C and men the crude ch^lanj .was -^^J 
Th-.nb«nn wa, allowed to warm to 25 'C overnight and then the reaction mixture was quenched at 0 c 
2 SZSltc — with EbO and washed twice with H,0. After drying over Na,SO tjo 
rereSioTwTs fiftered and the solvent removed in vacuo. The resulting viscous o,L w« d*sota*»i 

mf of So !5. suspension was allowed to settle, the supernatant removed by synnge. and the solid dried 

-5^£7« 7 mLI t2 sohrtion was then added via a cannula to the dithallium satt in toluene (100 
mu mire Z ££ - Trntlux for 72 hours, during which time an additional 200 mL of THF 

S^TSSSTSi reacfion mixture was then fiftered Tories) Upon 

The crude product was purified by chromatography on B.o-Beads SX-2 (Bio^ad Laboratones). upon 
JH 5£ Lent, a 75<£ yield (5.7 g. 7 mmo.) o. i.lO-O.tW^O^O-telr^ethyWecyleneVI.V- 
dl[bls(cyclopentadlenyl) zirconium dlchlorlde) as a grey white solid was obtained. 
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Elomontal analysis 


Calculated for C 3 2H4 B CliSi2Zr2 
Found 


C 47.38, 
C 47.51, 


H5.72 
H5J91 



(m,4H) - cyclopentadienyl protons. 
Chemical ionization mass spectrum (ammonia gas) 
10 Parent ion: 828 (Formula weight 809.6 + NH**) 

The following examples Illustrate the copoiymertzation of ethylene and propylene. 

Examples 2-4 

» A 1 litre glass bottle provided with a magnetic sBrbar and capped wHh a two hole crown cap sealedwith 
a nwtaM rubber gasKet was charged with 200 ml of dry cydohexane and then pieced ,n «, m Mh. 
TteTouHwas purged and saturated with the monomer feed o» ethylene and propylene at 15 p*g tettri 
S^^iXi and propylene monomers were fed into and out of the glass bottte ^ 
Sf 1000 seem with the pressure being maintained via a backpressure regulator. After the system was 

20 ISJTa? 0 -C 5 ml of the modified methyl alumoxane solution was added, followed by 3.0 ml of a 
Tm^SStan o I^1.l0«fisi.a-1.1.l0,ir>,etrame m ^^ aroomum 
JLSm- rTpoVmerion was stopped after the desired time of 20_rnin U tes by the addition of 2 ml of 

«Sno. a£ I the monomer gases vented A hindered phenol antJoxIdartwasthen ^ aadedto-thesolutlon-and- 

Z££ »a^S anS^hed wHh ethane.. The polymer crumb was washed then filtered and dned 

28 at 60 • C under vacuum. The results ol the three polymerizations are reported tn Tame i . 

Comparative Examples 5,6 

The procedure ol Example 2 was followed with the exception that 3.0 ml of a U I mM solutton ioJ 
30 ethylene bisftetrehydroindenyl) zirconium dichloride in toluene was used as a component of the catalyst 
system. The results of the two polymerizations are reported in Table i . 

Comparative Examples 7,8 

35 The procedure of Example 2 was followed with the exception that 3.0 ml of a 1.6 mM solution ol Ws- 
(cyCXS l ionium 'dichloride in toluene was used as a component o. the catalyst system. The 
results of the two polymerizations are reported in Table 1 . 

^ Example 9 

A 1 litre steel reactor containing a diluent was pressurized to a total pressure of 100 psig with ethylene 
«„d JJZEmta theliouid mole ratio of 1:6.7 at 10 -C Modified melhylalumoxane solution (2.4 ml) was 
l£2i fcTw solution of 1.10-(1.1Wisi.a-1.1.10.10-tetrame.hy.deeylene 1.1'-d.- 
SXck^dSySrconium dichloride]. Ethylene was supplied to maintain the UU Irtri pressure .n 
to SSoMWer reaction for 30 minii.es. the monomers were flashed off and the temperature rased to 
polymer product was recovered from the reactor and dried at 60'C in a vacuum oven. The 
results of the polymerization are reported In Table 1. 

Comparative Example 10 

A 1 litre steel reactor containing a diluent was pressurized to a total pressure of 100 psig wi^ ethylene 
and propylene in the liquid mole ratio of 1:8.3. Modified melhylalumoxane solution (3.5 ml) was added. 
SiSTSM 7 U moles of ethylene bis(tetrahydroindenyl) zirconium dichloride in solution. Ethylene was 
5£ 2 m*ln to initial total pressure in the reactor. After reaction tor 40 <^£<» 
were flashed off and the temperature raised to ambient. The polymer product ^r^ove^d lrom the 
reactor and dried at 60- C in a vacuum oven. The results of tho polymenzafon are reported n Table 1. 

FronT the resuHs in Table 1. the effect ol the metallocene structure on the activrty and product 
properties in a series of polymerizations carried out under identical reaction condrtions can be seen. The 
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10 



15 



Chten « al in ; . ^aiy2 derivation" occurs with melallocenes. For, as 

Pt.A: Polym. Chem; 30,017(1992) thai s or ^ ™ betwe6n ^ transition metal centres it would 
a second order deactivation process indicates ^^^^^ M havG a high deactivation 
be expected that a molecule containing two metal centres in close proximiiy wu 



rate. 



35 



20 Example 11 

TO, ill*—* the h«»op«»™ft«». <- W» «*0 • «*"•»■= n»Mo«» " a 

,5 a fluorinated rubber gasket was <*»0*J^°j' p^vJne w^ttnuously led into and out of the 
and saturated with 1^ «£™ "J ^ SSSVK "SJLl v* a bacKpressure 

a,, dichloride]. The ^^^^^^^ZlZ to the sCution and the polymer 
Zr/hr. 

Comparative Example 12 

- ~* PvomniA 11 was reoeated except that 24 m M of bis(cyclopentadrenyl) zirconium 

obtained at catalyst activity of 520 Kg polypropylene/mol Zr/hr. 

Example 13 

This example illustrates the homopolymerization of ethy.ene using a bimetallic metallocene aa a 
^Clldu^STi was repeated except that ethylene gas was used M^m, 

P^yTenewaToblained a. a catalyst activity of 6.825 Kg pdyethylene/mo. Zr/hr. 
Example 14 

decylene)-l.i -a H ^ ,« n at the ethvlene-5-ethy«dene-2-non3omene copolymer having an 
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copolymer/mol Zr/hr. 
Example 15 

This example iHustrales the terpo.ymeriza.ion of eihy.ene. propylene and S-ethy.idene-2 norbornene 

wtln a ..uorinated rubber gasket was charged ^00 mL ol^cyd^. » T ^ 

norbornene <1 mL. 7.4 mmol). The hqu-d was 1 and out o« the glass bottle was 1000 

propylene at 15 psig total pressure The ito « ™ « e ***™^°?ZZ being maintained via a back 
Jean while the flow rale of propylene was 500 seem wtf . *• ^Med methyl alumoxane 

pressure regulator. After the system was equ .brated at 22 C. 2.9 mL«» t , 10 . ( i.l<Wisi.a-1.1.10.1O- 
Llution was added, flowed by 30 mL of a 1^ mM JjJ* 0 ^ p^J.zaBon wae stopped 
ta^ethyWecyleneH J'-di[b.s(cyc to pentad.e^ d WW ] e P ^ a 

alter .he desired Brno of 20 minutes by the^ "Jd-Uon a«L ol -J*"^ |ated washed ^ 
hindered phenol antioxidant was *«2^iSlS^rdS tfOoTun^cuum. A yield of 4.87 g 
ethanol. The polymer crumb was washed, then^anddneo aw t ^ ^ 

of the e«hy.er^propylene-5^yNene-2 ^^%^ w pS a^d a Secular weight of 314.000 
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A C8tatysl system comprising: 

(A) a group IV B transition metal component having the general formula 
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from 7,^0 carton *om S « M rflacM W « K**> "™"« » ™» 

having from 4 to 20 carbon atoms; 
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2fi 



>21 



_Rl_is^__H 



R 21 



2 „ R 22 „ M 2 



R' 



21 



— r 
i 

R 
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wherein M 2 is carbon or silicon; each ff« which can be the same of different s an tfk* aryl. 

or aSlS group having from 1 to 8 carbon atoms or can be hydrogen when W -crton. 
K l-ntad or cyclic alkylene having from 4 to 12 carbon atoms or ,s a phenylene group 
or 2 or 3 Dhenylene groups coupled in the 1 and 4 positions; . Ko «,.. to H 
R3 J . Sm eubstmrted silanylene. a diaryl substituted silanylene. an alkyl. aryl substituted 
sua ylene aSea^ ^ancned or cyclic alkylene having from I to 4 carbon atoms^en * hpM 
jTliTdlM substituted silanylene. a diaryl substituted silanylene or an alky, aryl substituted 

Ti^T^^oT^^ having from 4 to 12 carbon atoms or is a phe„y.ene group 
nr 9 or 3 ohenvlene qroups coupled to one another in the 1 to 4 positions; 

^ * a Jocarbyl group having from 1 to 20 carbon atoms, an alkoxrde or 

arvtavide havtaa from 1 to 8 carbon atoms, a halogen atom or hydrogen atom, 

x atd oM wit? the conditions thai a and b cannot both be 1 a. the same time and when x 

X = o a = " and l b - 0. y and z which denote the degree of substitution of *o 

rinn= ha„ B the values from 0 to 4 and 0 to 5 respectively; when x = 1. a = 1 and b - 0. y has the 

Ze from O totaTd Tas the value from 0 to 4; when x = 1. a = 0 and b = 1. both y and z can 

have any value from 0 to 4; and 

(B) an alumoxane. 

2. The catalyst system of Claim 1 wherein M is zirconium. 

3. The catalyst system of Claim 2 wherein a has the value 1 and b and x have the value 0. 

4 The catalyst system of Claim 3 wherein M 2 is silicon, R*" is methyl or phenyl and R* Is selected from 
2 fi ZS o. heptylene. octylene. nonytene, decytene. phenytene and b, P hen yte ne. 

5 The catalyst system of Claim 2 wherein a and x have the value i and b has the value 0. 
ethylene or dimethylsilanylene. 
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7 The catalyst system ol any « the preceding Cairns wherein each L is independent* electee ho. a 
methyl group, a halogen atom or a hydrogen atom. 

component having the general formula 
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wherein M is zirconium, hafnium or titanium: alkyiaryl or arylalkyl group 

4 to 20 carbon atoms, 



R 2 is — 



R 21 

! 



K 2 - 

R» 



R 21 

- R 22 - M 2 ' 

R„ 
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have any value from 0 to 4; and 
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S)S7tSe mixture for a time sufficient to permit (^polymerization of saW ethylene, an alpha- 
olefin and optionally a conjugated diolefin to an elastomeric copolymer, and 
(iv) recovering the elastomeric copolymer. 

' 11. The process of Claim 10 wherein the alpha-olefin is propylene and the "NV^ Jn « 
selected from the group consisting of 1 .4-hexadiene. 7-methyH. 6-octad.ene and *-ethyl,dene-2- 
norbomene. 

,o 12. "me process of any of the preceding claims wherein the reaction vessel further contains a hydrocarbon 
polymerization diluent. 

13. The process of any of the preceding claims wherein M is zirconium. 

, 5 14 me process ofany of the preceding claims wherein M 2 is silicon, R*' is. mUiyt or phenyl, R* is 
selecmd from the group consisting of heptylene, octylene, nonylene. decylene, phenylene and 
biphenylene and R 3 and R* are not present, that is x and b both have the value 0. 

15. The process of Claims 10 to 13 wherein tf> is silicon, R» is methyl or phenyl. FP* ts selected from the 
2Q group consisting of heptylene. octylene, nonylene, decylene. phenylene and biphenylene. R 3 Is 
elhylene or dimethylsHanylene and R 4 is not present, that is b has the value of 0. 

16. The orocoss o f an y of tho preceoding claims whoroin e ach L is indopondently sele cted from a mothy) 

group, a halogen atom or a hydrogen atom. 

17. The process of any of the preceding claims wherein the alumoxane is methyl alumoxane. 
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